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INTRODUCTION 
Stem rust, Puccinia graminis tritici Eriks. and Henn. , and leaf 
rust, Puccinia recondita Rob. ex Desm. , have been major diseases of 
wheat in the northern great plains for many years. As a result of 
several severe·· wheat rust epidemics within the past 50 years, much 
effort has been directed toward control of these diseases. Resistant 
varieties have' been introduced over the years, but wheat rusts remain 
serious problems, causing losses to farmers in spite of breeding 
efforts. 
Since the discovery that both stem and leaf rust exist in several 
biological forms called races (18, 25), wheat breeding has been 
designed to develop resistance toward the prevalent races in a given 
area. Because new races develop from natural sources, and non­
prevalent race,s may become prevalent, breeding for r_esistance to 
specific races.is a continuous struggle. As long as this situation 
exists, there will be no end to the breeding for resistant varieties. 
If resistanc_e could be found that would be uniform in its effect 
on all races of rust, this might provide an answer to the problem. 
Several investigators have suggested that a uniform type of resis­
tance exists. J. E. Van der Plank has proposed the name "horizontal 
resistance" for this and is the leading proponent of its existence. 
If Van der Plank is correct, and this form of resistance does exist 
in wheat, its use could revolutionize wheat breeding. 
This study has been conducted to determine if horizontal resis­
tance to leaf rust can be detected in spring wheat. 
2 
REVIEW' OF LITERATURE 
In 1963 Van der Plank presented an extensive framework of plant 
disease epidemiology (28) . He stated that any pla�t disease epidemic 
can be characterized by two simple parameters: 1. The level of 
disease that is initially present (x ) ,  and 2. The rate (r) at �hich 
0 
disease increases from this initial level. 
Also, Van der Plank categorized methods for plant disease control 
as those that reduce x ,  r, or both x and r. Among the control 
0 0 
measures that reduce x ,  he included a type of resistance called 
0 
"vertical resistance", and among methods that reduce r, he considered 
a type of resistance called "horizontal resistance. " These terms 
relate to the position and slope of the disease progress curve. 
Vertical resistance in a wheat plant reduces x by reducing the 
0 
number of rust races able to infect the plant. This has been the 
basis for breeding resistance to rust in wheat for many years. A 
successful commercial wheat variety is one that has resistance genes 
to protect it against all the "prevalent" races of rust. Since it 
has been very difficult, if not impossible, to breed a wheat 
resistant to all known races, and new races can develop through 
natural crossing and segregation, a few "non-prevalent" virulent 
races will probably always exist in nature (19). As a vertically 
resistant commercial variety becomes more widely grown, the only 
rust races able to survive and develop on it are the "non-prevalent" 
ones. Eventually the non-prevalent races will increase in quantity 
and become prevalent races . Thus the commercial variety essentially 
will "commit suicide" by its own success. The major wheat stem rust 
epidemics of 1952 and 1953 and current problems in breeding rust 
resistance in oats serve as examples of such.situations. 
Van der Plank described horizontal resistance as a non race­
specific resistance that reduces the rate of disease increase (r). 
He believed that this type of resistance was not affected by the 
presence or absence of a gene-for-gene system. Thus a horizontally 
resistant variety may be susceptible to infection by a pathogen, yet 
retard development of the pathogen to a very low rate of increase. 
Slowing down the rate of disease increase would allow a horizontally 
resistant variety to develop without significant damage from. the rust. 
Horizontally resistant varieties planted on a nation-wide scale would 
result in a slowing down of the progress of the disease throughout an 
entire geographic sequence, as from Mexico to Canada. 
A major problem in uncovering horizontal resistance in breeding 
nurseries has been the presence of susceptible varieties that allow a 
build-up of disease that spreads from row to row covering up the 
presence of horizontal resistance. A wheat breeder, using conven­
tional breeding procedures, typically exposes his nursery to a severe 
attack of prevalent races and selects those with the least rust. 
Those selected most likely will have specific resistance to prevalent 
races. A variety with horizontal resistance will have been overlooked 
in the selection; it could have performed as well as the selected ones 
in the absence of the mass of inoculum continually deposited on it 
from nearby fields . The more widely horizontally resistant varieties 
4 
are grown, the better their resistance functions, because there are 
fewer susceptible varieties nearby to spread large· amounts of rust to 
them. 
Vertical and horizontal resistance are complimentary to one 
another. Vertical resistance reduces initial inoculm. (x ) .  
0 
Horizon-
tal resistance prevents new races and non-prevalent races from 
developing rapidly enough to cause damage during the season. A 
variety with both horizontal and vertical resistance would be.an 
ideal variety. 
Direct evidence of horizontal resistance shown·by low r values 
has not been found in the literature, however, several workers have 
presented data that support the occurrence of such resistance. 
Farrer (9) was one of the first to notice that some varieties 
of wheat, even though susceptible, resisted rusting until late in the 
season. 
Hursh (16) found a variety of spring wheat (Acme) which was 
susceptible to 36 of 37 stem rust races, yet it developed very little 
rust in the field� 
Several others have noted that certain varieties of wheat were 
susceptible to stem rust but remained fairly free of rust in the field 
(6,13;23,24). 
Van der Plank (28,29) reviewed the work of Hayden, noting dif-
ferences in the rate of stem rust increase on several wheat varieties. 
Katsuya and Green (17) working with wheat stem rust found dif­
ferences in the number of pustules that ·developed on varieties even 
5 
though all were rated susceptible to the same races in the green-
house. 
Additional evidence exists that wheat plants may possess defenses 
that act uniformly against all races. Resistance in wheat to rust has 
been related to the rate of opening and closing of stomata (1, 2, 12, 16, 
21). Hart termed this "functional resistance" based on her finding 
that stem rust did not enter closed stomata. Hart�s theory has been 
questioned because both stem rust (20) and leaf rust (5, 32) penetrate 
closed stomata. However, Rowell, (22), Daly (8) , and others have 
reported that _slow drying in light following inoculation increases 
stem rust infection. These findings tend to support Hart's "func-
Because rust fungi do not grow in sclerenchyma tissue, researchers 
have attributed stem rust resistance in wheat to the presence of large 
sclerenchyma bundles in the stem and leaves of some varieties (13, 16, 
20, 23) . The large amounts of schlerenchyma tissue are believed to 
limit the spread of the pathogen. 
Hooker and Le· Roux (15) tested 85 strains of corn for resistance 
to corn rust Puccinia sorghi Schw. Eighty-four of. 85 strains were 
susceptible to all isolates of rust tested, yet 16 of these 84 strains 
were resistant under field conditions. 
Strains of ryegrass have been found that are susceptible to crown 
rust, Puccinia coronata Cda. in the greenhouse, but show very little 
rust development in the field (11). 
6 
Hodgson (14) tested discs cut from potato leaves of varieties 
without vertical resistance genes for resistance to late blight. He 
found the proportion of discs that became infected was less when the 
discs came from varieties that had "field resistance" to late blight. 
Van der Plank (29,JO) showed that late blight infected potato 
varieties with no vertical resistance genes developed fewer sporangia 
than did varieties with vertical resistance genes that were susceptible 
to the races tested. 
Van der Plank (31) reviewed evidence that some varieties of 
tomato have consistently lower disease severities when inoculated with 
different races of Fusarium oxysporium lycopersici. He considered 
this an example of non race-specific resistance. 
7 
MATERIALS AND METHODS 
Field Experiments 
A preliminary screening experiment, to determine if horizontal 
resistance couid be found and measured in the field, was conducted at 
Brookings, South Dakota, in 1968. One hundred and forty-five varieties 
and selections of spring wheat were planted at Brook�ngs under condi­
tions of naturally occurring leaf rust infection (Table 1) . Ten grams 
of seed of each entry were planted in single rows 12 ft long, spaced 
one ft apart in a randomized complete block design with two replica­
tions. One replication was later discarded due to planting error. 
Entries were alternated with single filler rows of Chris, a variety 
with vertical resistance to leaf rust, to separate entries and help 
prevent excess spill over of spores from one entry to another. 
Leaf rust severity was rated visually four times during the season 
after rust initially appeared, from a 10 culm random sample from each 
entry row. Severity was recorded separately for the upper four leaves 
of each culm, counting from the flag (top) leaf down. Rust severity 
for each leaf was determined by counting visible leaf rust pustules on 
the upper (adaxial) leaf blade surface. For severities of less than 
50 pustules/leaf, individual pustules were counted. Higher severities 
were estimated according to the modified Cobb scale, and all estimates 
later were converted to a common base by assuming each percentage point 
of the modified Cobb scale equaled 10 pustules/leaf (4,7). 
Table 1. Varieties and selections of spring wheat planted 
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Table 1. Continued 
Entry Name C. I. Number Species 
41 Rushmore 12273 T. aestivum. 
42 Selkirk 13100 T. aestivum 
43 Sentry 13102 T. durum 
44, Sheridan 13586 T. aestivum 
4.5 Spinkcota 12375 T .  aestivum 
46 Stewart 12066 T .  durum 
47 Stewart 63 13771 T. durum 
48 Thatcher 10003 T .  aestivum 
49 Towner 13247 T. durum 
50 Transfer 13296 T. aestivum 
.51 Triticum timopheevi 11651 T. timopheevi 
52 Valley 5923 T. aestivum 
53 Vernal 3686 T .  dicoccmn 
54- Vernum 122.5.5 T. durum 
55 Wells 13333 -T . durum 
56 Willet 13099 T. aestivum. 
57 Waldron 139.58 T .  aestivum 
58 Neepawa T. aestivuro. 
59 Wisc 225 T .  aestivum 
60 Wisc 261 T. aestivum 
61 Wisc 262 T. aestivum 
62 Wisc 270 T. aestivum 
63 Wisc 271 T. aestivum 
64 ND 229-1 13589 T. aestivum 
6.5 ND 264 13569B T. aestivum 
66 ND 321 13921 T. aestivum 
67 ND 345 13653B T. aestivu.m 
68 ND 363 13828 T. aestivu.m 
69 ND 364 13829 T. aestivum 
70 ND 373 13830 T. aestivum 
71 ND 404 13778B T. aestivum 
72 ND 405 13779 T. aestivum 
73 ND 406 13780B T. aestivum 
74 ND 407 139.53 T. aestivum 
75 ND 442 T. aestivum 
76 ND �5 1395.5 T. aestivum 
77 ND 446 T .  aestivum 
78 ND 4.57 13957 T. aestivum 
79 ND 456 13956 T. aestivum 
80 ND 477 T. aestivum 
81 ND 481 T .  aestivum 
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Table 1. Continued 
Entry N�me C. I. Number Species 
82 ND 482 T. aestivum 
83 ND 61-107 T. aestivum 
84 1D .365 T. durum 
85 1D )68 T. durum 
86 II 50-17 13154 T. aestivum 
87 II 54-29 13654 T. aestivum 
88 II 54-JO 13655 T .  aestivum 
89 II 5.5-12 13774B T .  aestivum 
90 II 5.5-16 T .  aestivum 
91 II 58-17 1382.5 T .  aestivum 
92 II 59-9 13826 T .  aestivurn 
9.3 II 59-11 13827 T. aestivum 
94 II .59-91 T. aestivum 
95 II 62-68 T. aestivum 
96 1M 77-14-77 13719 T .  aestivum 
97 B 61-89 13946 T. aestivum 
98 St 464 13160 T. aestivum 
99 Mt 6610 T. aestivum 
100 Mt 6661 T .  aestivum 
101 SD 624 T. aestivum 
102 SD 625 T. aestivum. 
103 SD 626 T .  aestivum 
104 K 48-44 T. aestivum 
105 56.579 T. aestivum 
106 5659 T. aestivum 
107 3890-227 T. aestivum 
108 II .50-17 x Pilot 13823 T. aestivum 
109 K58 ·x Wisc 250 13588 T .  aestivum 
110 56-Ito T .  aestivum. 
111 5f3-]..63 T .  aestivum 
112 59-120A 13821 T .  durum. 
113 61-107 T .  aestivum 
114 62-85 T .  aestivum 
115 Mex 1 S-3976 T .  aestivum 
(Pitic 62/Chris sib//sonora 64) 
116 - Mex 2 S-3977 T .  aestivum 
(Pitic 62/Chris sib//Sonora 64) 
117 Mex 3 S-3981 T .  aestivum 
(Pitic 62/Chris sib//Sonora 64) 
118 Mex 4 S-3984 T. aestivum 
(Pitic 62/ Chris sib//sonora 64) 
11 
Table 1. Continued 
Entry Name C. I. Number Species 
119 Mex 5 
(Pitic 62/chris sib//Sonora 64) S-3987 T .  aestivum 
120 Mex 6 
(Pitic 62/Chris sib//sonora 64) S-3989 T. aestivum 
121 Mex? 
(Pitic 62/ Chris sib//sonora 64) S-3991 T. aestivum 
122 Mex 8 
(Pitic 62/Chris sib//sonora 64) S-3992 T. aestivum 
123 Mex 9 
(Pitic 62/Chris sib//Sonora 64) S-3998 T. aestivum 
124 Mex 10 
(Pitic 62/Chris sib//sonora 64) S-4017 T. aestivum 
125 Mex 11 
(Pitic 62/Chris sib//Sonora 64) S-4025 T. aestivum 
126 Mex 12 
(Pitic 62/Chris sib//Sonora 64) S-4027 T. aestivu.m 
127 Mex 13 
(Pitic 62/Chris sib//Sonora 64) S-4030 T. aestivum 
128 Mex 14 
(Pitic 62) T. aestivum 
129 Mex 15 
(Penjamo 62) T. aestivum 
130 Mex 16 
(Lerma Rojo 64) T .  aestivum 
131 Mex 19 
(Jaral 66) T. aestivum 
132 Mex 20 
.(Roque 66) T .  aestivum 
133 Mex 21 
(Tzpp/Andes 64) T .  aestivum 
134 Mex 22 
(Lerma Rojo 64/Sonora 64) T .  aestivum 
135 Mex 23 
(T.zpp/Sonora 64) T. aestivum 
136 Mex 24 
(Lerma Rojo 64/Sonora 64) T .  aestivum 
137 Mex 25 
(Lerma Rojo 64/Sonora 64) T. aestivum 
138 Mex 26 
(Tzpp/Sonora 64) T .  aestivum 
139 Mex 27 
(Sonora//Tzpp/Narino 60) T. aestivum 
12 
Table 1. Continued 
Entry Name C. I. Number Species 
140 Mex 28 
(Lerma Rojo 64/Sonora 64) T. aestivurn. 
141 Mex 29 
(Tzpp/Sonora 64) T. aestivum 
142 Mex 30 
(Penjamo 62/Gabo//Tzpp/Knott 2) T. aestivum. 
143 Mex 132 
(Yaktana 54/Niob//2* Barrington Yari /3/ Tehuacan /4/ Yaktana 54/Niob/ 2* Ld 
357) T. aestivum 
144 Mex 33 
(Pitic 65/Chris sib//sonora 64) T. aestivum 
145 Mex 34 
(Sonora 64A/6* SKE//3*ANE) T. aestivum 
13 
Rates of disease increase (r) were calculated for each variety 
by the following formula: 
r = 
where t2 - t1 ., is the time in days between sampling dates, and x1 and 
x2 
are rust severities recorded on dates t1 and t2 respectively (29). 
Results were �xamined for trends among varieties, stnce appropriate 
statistical comparisons could not be conducted on the unreplicated 
data. Lower values would indicate low rates of increase, i. e. , 
horizontal resistance. 
In 1969 field experiments were again conducted on spring wheat 
to locate sources of horizontal resistance. Twenty-seven entries were 
selected from the results of 1968 for further study. Chris was again 
used as a filler. 
Ex:perimen.ts were conducted in a similar manner to those previously 
described except that 12 g of seed were used for each entry to provide 
more plants for sampling, and entries were planted in a randomized 
I. 
complete block design with five· replications. 
Data from 1969 were analyzed using Van der Plank's formula for 
estimating rate of disease increase. Rates of increase were calculated 
for each of the four upper leaves sampled. An analysis of covariance 
was also applied using leaf position, time, and rust severity as 
covariates. Data for the analysis of covariance were transformed 
using log x/1-x to obtain linear regressions. Appropriate t tests 
e 
256769 
�OOTH DAKOTA STATE UNIVERSITY l.JBRA-n'l 
were applied to the regression coefficients (b) of rust severity 
versus time for each leaf position (27). 
Greenhouse Experiments 
A study was conducted to determine whether results obtained in 
field experiments were reproducible in the greenhouse. 
Entries were planted in 8-inch clay pots, one entry per pot. To 
separate the plants in each pot, six holes were made in a hexagonal 
pattern around the periphery of each pot with an additional hole in 
the center. Five seeds were planted in each of the seven holes, and 
later thinned to one seedling per hole. Each pot represented one 
experimental unit in a randomized complete block design with six 
varieties and six replications. 
14 
Soil used for the pots was U. C. mixture C (3), a 1:1 mixture of 
sand to sphagnum moss .  The fertiliz,er formulation is  given in Table 2. 






Calcium carbonate lime 
Soybean meal 
a Added to each cubic yard of mixture 
b . 
. 
7 g/gal added at time of planting 
4.o oz 





Plants were grown for 35 days after which tillers were removed, 
the remaining culms were staked-up with metal stakes, and the pots 
were randomized. 
To prevent movement of spores between pots, isolation chambers 
were constructed from aluminum window screen and polyethelene plastic 
(Figure 1) . A small opening was cut in the side of each chamber to 
provide access for inoculation and watering. A glass tube with a 
funnel attached was used for daily watering. The tube was inserted 
down the side of the isolation chamber to avoid disturbing the plants. 
Prior to inoculation, plants were sprayed with a water-detergent 
solution and placed in the isolation chambers. Aluminum foil lids were 
placed over the top of the isolation chambers to prevent spore escape. 
Initially, all plants were inoculated with a mixture of· uredio­
spores of five leaf rust races (UN 1, UN 2, UN 5, UN 9, UN 1 7) obtained 
from Dr. L. E. Browder, Manhattan, Kansas. Plants �ere inoculated by 
inserting a quantity of spores into a device constructed from glass 
tubing with a rubber bulb on one end. The open end was inserted into 
the opening in the isolation chamber, and the rubber bulb was squeezed 
to disperse spores. Spore deposits on glass slides at soil level 
averaged 3.72 x 105 spores/cm2 • The plants in each pot were sprayed 
with water following inoculation, which was done at night to provide 
optimum conditions for infection. Lids were removed from the chambers 
the following morning, and the moisture in the chambers allowed to 
evaporate slowly • 
.After the primary pustules erupted, the plants were sprayed each 














....., _____ Lath support 
�'.t 
:,� \ I 
I 
I 
Figure 1. Isolation chamber used to prevent interference in 
· greenhouse experiments. 
-- - .. -
) :. . \ .. ...._ --· -- . . -· -· - - -
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provide conditions suitable for re-infection. Lids were removed each 
morning to allow water to evaporate. No additional inoculm was added 
to the plant during these secondary infection �eriods . 
/ 
At regular intervals 10 days after inoculation, isolation chambers 
were removed from the pots, leaf rust severities �ere taken, and the 
isolation chambers were re placed. Plants were not removed during this 
procedure. Data were processed as described for field experiments. 
18 
EXPERil1ENTAL RESULTS 
Horizontal Resistance to Leaf Rust in the Field 
Preliminary experiments conducted in the field in 1968 on 14.5 
varieties and selections of spring wheat yielded usable data from 60 
entries. The remainder were discarded because of poor stand, or because 
of.lack of leaf rust development. 
Leaf rust severities for the 60 entries are given in Tables A.l 
to A.4 (Tables contained in the Appendix are designated by the letter 
A). Rate of leaf rust increase (r) was determined for each of the 
top four leaves (Tables 3 to 6) . For direct comparison, r values 
calculated are grouped for a common time interval and ranked from 
lowest to highest values within the time interval. Generally there 
was agreement between r values determined on·various leaves, although 
exceptions occurred. For example, leaf rust developed rapidly on the 
flag leaves of Acme, but relatively slowly on second leaves. Some of 
the entries-with low r values were Lee, Chris, and ND 406; some with 
higher r val�es were Selkirk, Lucero, and Ceres. 
Twenty-eight entries were selected for further study in 1969. 
These included Lee, Acme, RedlTlan, Chris, and ND 406, lines that 
possessed a relatively high level of horizontal resistance. Entries 
chosen for a low level of horizontal resistance included Ceres, Crim, 
and Selkirk. The remaining 20 lines were chosen more or less randomly 
from the intermediate group, although an effort was made to include a 
range of genet�c material. 
Table 3. Rate of leaf rust increase (r) on flag leaves of 
spring wheats planted in 1968 
Entry Rate of increase Time 
(r) 
� t2 
Mex 14 0. 294 June 13 July 13 
Leeds 0.289 June 27 July 13 
Red Bobs 0.341 June 27 July 13 
Crim 0.382 June 27 July 13 
Chris 0.069 July 13 July 23 
Lee 0.069 July 13 July 23 
ND 406 0.097 July 13 July 23 
Bowie 0.105 July 13 July 23 
Mex 16 0.148 July 13 July 23 
Mex 9 0.173 July 13 July 23 
Polk 0.181 July 13 July 23 
Justin Sel M4-l 0.199 July 13 July 23 
Justin 0. 202 July 13 July 23 
Sheridan 0.208 July 13 July 23 
Wells 0.219 July 13 July 23 
Marquis 0.246 July 13 July 23 
Kubanka 0.249 July 13 July 23 
Mindum 0. 252 July 13 July 23 
58-163 0.252 July 13 July 23 
ND 445 0. 260 July 13 July 23 
Red Rive1:1 68 0.294 July 13 July 23 
Mentana 0.329 July 13 July 23 
Wisc 271 0.343 July 13 July 23 
Preston 0. 343 July 13 July 23 
Lucero 0. 369 July 13 July 23 
Acme 0.386 July 13 July 23 
II-54-29 0. 071 June 27 July 23 
Ky 338 x Lee 0.072 June 27 July 23 
Mex 15 0. 109 June 27 July 23 
Thatcher 0.120 June 27 July 23 
Valley 0.129 June 27 July 23 
Mex 34 0.135 June 27 July 23 
St 464 0.138  June 27 July 23 
Wisc 270 0.139 June 27 July 23 
Transfer 0.140 June 27 July 23 
Mex 12 0.144 June 27 July 23 
Mex 21 0.158 June 27 July 23 
Progress 0.168 June 27 July 23 











































Table 3. Continued 
Entry Rate of increase Time 
(r) tl 
,, / t2 Days ., ,/ / 
ND 373 0. 182 June 27 July 23 26 
Mex 20 0. 190 June 27 J�y 23 26 
Mex 23 0. 198 June 27 July 23 26 
II-50-17 x Pilot 0.216 June 27 July 23 26 
3890-227 0.226 June 27 July 23 26 
Arnautka 0.230 June 27 July 23 26 
ND 363 0.232 June 27 July 23 26 
K-48--44 0.243 June 27 July 2.3 26 
ND .321 0.247 June 27 July 23 26 
Hope 0. 247 June 27 July 23 26 
Spinkcota 0. 253 June 27 July 23 26 
Kenya Farmer 0 . 265 June 27 July 23 26 
Kota 0.269 June 27 July 23 26 
Stewart 0.277 June 27 July 23 26 
ND 404 0.291 June 27 July 23 26 
Aniversario 0 .296 June 27 July 2.3 26 
Selkirk 0 • .337 June 27 July 2.3 26 
Ceres 0 • .3.38 June 27 July 23 26 
ND 229-1 0. 159 June 1.3 July 2.3 40 
Reward 0. 265 June 13 July 2.3 40 
Redman -----a 
a Insufficient data 
-
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Table 4. Rate of leaf rust increase (r) on second leaves of 
spring wheats planted in 1968 
Entry Rate of increase Time 
(r ) tl t2 Days 
Kenya Farmer 0 . 183 June 13 June 27 14 
Mex 15 0 . 161 June 13 July 13 30 
ND 229-1 0. 248 June 13 July 13 JO 
Acme 0 . 108 June 27 July 13 16 
Wisc 270 0 . 118 June 27 July 13 16 
Redman 0 . 143 June 27 July 13 16 
II-54-29 0 . 162 June 27 July 13 16 
LM 77-14-77 0. 179 June 27 July 13 16 
Kota 0. 194 June 27 July 13 16 
Thatcher 0 .20.5 June 27 July 13 16 
II-50-17 x Pilot 0 . 21.5 June 27 July 13 16 
3890-227 0 . 220 J;une 27 July 13 16 
Arnautha 0 . 224 June 27 July 13 16 
Preston 0 . 22.5 June 27 July 13 16 
.58-163 0. 22.5 June 27 July 13 . 16 
K-48-44 0. 245 June 27 July 13 16 
Mex 21 0 . 2.52 June 27 July 13 16 
Crim 0 . 2.52 June 27 July 13 16 
Spinkcota 0. 252 June 27 July 13 16 
Reward 0 . 261 June 27 July 13 16 
ND 44.5 0 . 267 June 27 July 13 16 
ND 321 0 . 269 June 27 July 1.3 ·16 
Hope  0 . 272 June 27 July 13 16 
Stewart 0 . 277 June 27 July 13 16 
Red Bobs 0 . 283 June 27 July 13 16 
Mindum 0 . 292 June 27 July 13 16 
Mex 14 0 . 293 June 27 July 13 16 
ND 404 0 . 294 June 27 July 13 16 
Aniversario 0 . 299 June 27 July 13 16 
Selkirk 0. 301 June 27 July 13 16 
Lucero 0. 321 June 27 July 13 16 
Ceres  0 . 326 June 27 July 13 16 
Mentana 0 . 330 June 27 July 13 16 
ND 406 0.093 July 13 July 23 10 
Chris 0. 138 July 13 July 23 10 
Lee 0. 161 July 13 July 23 10 
Wells 0 . 188 July 13 July 23 10 
Table 4.  Continued 




Wisc 271 0. 190 July 13 July 2.3 
Sheridan 0.2.30 July 13  July 2.3 
Red River 68 0 • .376 July 13  July 2.3 
Mex 9 0. 083 June 27 July 2.3 
Mex .34 0. 136 June 27 July 2.3 
St 464 0 . 139 June 27 July 2.3 
Mex 12 0. 145 June 27 July 2.3 
Progress 0 . 167 June 27 July 2.3 
Transfer 0 . 177 June 27 July 2.3 
ND 373 0. 179 June 27 July 23 
Mex 23 0 . 197 June 27 July 23 
Valley 0.218 June 27 July 23 
ND 363 0.232 June 27 July 23 
Kubanka 0. 248 June 27 July 2.3 




a Values for remaining 8 entries could not be determined due to 
extensive leaf 



















Table 5 .  Rate of leaf rust increase (r) on third leaves of 
spring wheats planted in 1968 
Entry Rate of increase ,,, Time 
( r )  
, tl / 
/ 
t2 ,. 
Mex 15 0.112 June 13 June 27 
Marquis 0.125 June 13 June 27 
Kenya Farmer 0. 229 June 13 June 27 
ND 229-1 0. 252 June 13 June 27 
Mex 14 0. 299 June 13 June 27 
Redman 0.130 June 13 July 13 
St 464 0.139 June 13 July 13 
Reward 0. 195 June 13 July 13 
P reston 0. 222 June 13 July 13 
P rogress 0. 229 June 13 July 13 
ND 363 0. 229 June 13 July 13 
Crim 0. 269 June 13 July 13 
Thatcher 0. 274 June 13 July 13 
Selkirk 0. 298 June 13 July 13 
Ceres 0.351 June 13 July 13 
Red Bobs 0.388 June 1.3 July 13 
Mex 12 0. 144 June 27 July 13 
Wisc 270 0.151 June 27 July 1.3 
Kubanka 0.155 June 27 July 13 
Mex 9 0.171 June 27 July 13 
Mex 20 0.172 June 27 July 13 
Transfer 0.182 June 27 July 13 
ND .373 0.183 June 27 July 13 
Mex 23 0.197 June 27 July 13 
II-50-17 x Pilot 0. 213 June 27 July 13 
Acme 0. 231 June 27 July 13 
K-48-44 0. 245 June 27 July 13 
Spinkcota 0. 246 June 27 July 13 
58-163 0. 253 June 27 July 13 
ND 321 0. 254 June 27 July 13 
Mex 21 0 . 254 June 27 July 13 
Hope 0 . 259 June 27 July 13 
Stewart 0 . 275 June 27 July 13 
ND 404 0. 293 June 27 July 13 
Aniversario 0 . 297 June 27 July 13 








































Table 5 .  Continued 
Entry Rate of increase Time 












0 . 245 
June 27 July lJ 
June 27 July 13 
July 13 July 23 
July 13 July 23 
June 13 July 23 
a Values for remaining 19 entries could not be determined due to 







Table 6. Rate of leaf rust increase (r) on fourth leaves of 
spring wheats planted in 1968 
Entry Rate of increase Time 
25 
(r ) tl t2 
Days 
Mex 15 0 .109 June 13 June 27 
Mex 16 0.148 June 13 June 27 
St 464 0.153 June 13 June 27 
Thatcher 0 . 268 June 13 June 27 
Aniversario 0 . 296 June 13 June 27 
Mex 14 0 . 297 June 13 June 27 
Ceres 0. 332 June 13 June 27 
Mentana 0. 377 June 13 June 27 
Progres s 0.169 June 13 July 13 
ND 373 0.185 June 13 July 13 
Reward 0.195 June 13 July 13 
Preston 0. 218 June 13 July 13 
Hope 0 . 237 June 13 July 13 
Mindum 0 . 274 June 13 July 13 
Crim 0 . 289 June 13 July 13 
Red Bobs 0. 295 June 13 July 13 
Redman 0 .158 June 27 July 13 
Transfer 0 .176 June 27 July 1,3 
Wisc 270 0 .187 June 27 July 13 
Sheridan 0.196 June 27 July 13 
Stewart 0 . 225 June 27 July 13 
Selkirk 0. 331 June 27 July 13 
Wells 0.193 July 13 July 23 
Lee 0.091 June 13 July 23 
a 
a Values for remaining .36 entries could not be determined due to 


























All entries tested in 1969 , including the filler Chris, developed 
leaf rust in the field. Leaf rust severities for 1969 field entries 
are presented in Tables A. 5 to A. 8 .  Entries were /separated by leaf, 
_,,/ 
and r values were grouped according to dates of rust rating , as in 
1968 (Tables 7 to 10 ) .  
For appropriate statistical treatment of the data, analysis of 
covariance was used to fit linear regression lines to the transformed 
data from Tables A. 5 to A. 8, and slopes of regression lines (b) we�e 
compared. Linear regression coefficients (b) and r values both 
estimate rate of disease increase, and are analogous. Entries were 
compared using each of the top four leaves separately. 
Analysis of covariance revealed significantly different regres­
sion coefficients between entries from flag, second , and fourth leaf 
data. Although the overall F test did not indicate differences among 
third leaves, subsequent t tests revealed that such differences did 
exist. Individual regression coefficients were compared with Chris 
using Student ' s  t tests (27) . 
Such t tests were not available for flag leaves because no regres­
sion coefficient could be calculated for Chris due to lack of leaf 
rust development. Significant differences among regression coeffi­
cients of entries were found among 16 of 27 second, 8 of 27 third , 
and 8 of 27 fourth leaves compared with Chris (Table 11) .  Entries 
in Table 11 with significantly different regression coefficients 
compared with Chris were marked with an asterisk. Entries were 
grouped according to the number of leaves in which regression 
Table ?. Rate of leaf rust increase ( r) on flag leaves of 
spring wheats planted in 1969 
Entry Rate of increase Time 
( r )  tl t2 
Red River 68 0 . 180 July 9 July 22 
Wells 0. 183 July 9 July 22 
Lee 0 . 277 July 9 July 22 
ND 321 0. 286 July 9 July 22 
ND J73 0.326 July 9 July 22 
II-54-29 0 .091 June 29 July 22 
Mex 16 0. 134 June 29 July 22 
Sheridan 0 . 170 June 29 July 22 
58-163 0 . 181 June 29 July 22 
Kenya Farmer 0 . 185 June 29 July 22 
Redman 0 . 198 June 29 July 22 
Preston 0.20.3 June 29 July 22 
Mex 15 0.215 June 29 July 22 
Acme 0. 223 June 29 July 22 
Ceres 0.234 June 29 July 22 
ND 229-1 0.280 June 29 July 22 
Thatcher 0 . 283 June 29 July 22 
Selkirk 0 .288 June 29 July 22 
ND 445 0.299 June 29 July 22 
Leeds 0 .310 June 29 July 22 
Marquis 0.311 June 29 July 22 
Crim 0 .311 June 29 July 22 
Hope 0 .366 June 29 July 22 
Ky 338 x Lee 0.368 June 29 July 22 
Justin 0.370 June 29 July 22 
Mex 14 o. 4.36 June 29 July 22 
ND 406 ____ a 
Chris ----






























Table 8. Rate of leaf rust increase (r) on second leaves of 
spring wheats planted in 1969 
Entry Rate of increase Time 
28 
(r) tl t2 
Days 
ND 406 0.111 June 29 July 22 23 
II-34-29 0.129 June 29 July 22 23 
Redman 0 .138 June 29 July 22 23 
Mex 16 0 .148 June 29 July 22 23 
Chris 0 . 157 June 29 July 22 23 
Wells 0 . 160 June 29 July 22 23 
Mex 15 0 . 170 June 29 July 22 23 
Red River 68 0 . 175 June 29 July 22 23 
Sheridan 0 . 177 June 29 July 22 23 
Lee 0. 177 June 29 July 22 23 
ND 373 0. 180 June 29 July 22 23 
58-163 0 . 184 June 29 July 22 23 
Thatcher 0 . 194 June 29 July 22 23 
Ceres 0 . 204 June 29 July 22 23 
Acme 0 .209 June 29 July 22 23 
Marquis 0 .. 227 June 29 July 22 23 
ND 445 0 . 240 June 29 July 22 23 
Selkirk 0 .244 June 29 July 22 23 
ND 229-1 0 . 250 June 29 July 22 23 
Ky 338 x Lee 0 . 254 June 29 July 22 23 
Crim 0 . 254 June 29 July 22 23 
Kenya Farmer 0 . 2.57 June 29 July 22 23 
Preston 0 . 266 June 29 July 22 23 
Hope 0 . 275 June 29 July 22 23 
Leeds 0. 288 June 29 July 22 23 
Justin 0.290 June 29 July 22 23 
ND 321 0 . 309 June 29 July 22 23 
Mex 14 0.319 June 29 July 22 23 
Table 9. Rate of leaf rust increase (r) on third leaves of 
spring wheats planted in 1969 
Entry Rate of increase ., Time _.,. 
( r )  tl / _., .. / tz
. 
II-.54-29 0.102 June 29 July 9 
ND 406 0.103 June 29 July 9 
Chris 0.107 June 29 July 9 
58-163 0.180 June 29 July 9 
Sheridan 0.198 June 29 July 9 
Red River 68 0. 245 June 29 July 9 
· ND 321 0 .292 June 29 July 9 
Lee 0.124 June 29 July 22 
Wells 0.143 June 29 July 22 
Acme 0.171 June 29 July 22 
ND 373 0.318 June 29 July 22 
Mex 16 0.177 June 13 July 22 
Preston 0.199 June 13 July 22 
Ky 338 x Lee 0.232 June 13 July 22 
Thatcher 0.232 June 13 July 22 
Marquis 0.235 June 13 July 22 
Selkirk 0.253 June 13 July 22 
Mex 14 0.162 June 13 July 9 
Mex 15 0 .175 June 13 July 9 
Justin 0.193 June 13 July 9 
Leeds 0.199 June 13 July 9 
Hope 0.221 June 13 July 9 
Redman 0.234 June 13 July 9 
Kenya Farmer 0.235 June 13 July 9 
ND 445 0.242 June 13 July 9 
ND 229-1 0.246 June 13 July 9 
Crim 0.253 June 13 July 9 































Table 10 . Rate of leaf rust increase (r) on fourth leaves of 
spring wheats planted in 1969 
Entry Rate of increase  Time 
30 
(r )  tl t2 Days 
Red River 68 0. 307 June 29 July 9 10 
Thatcher 0.192 June 13 June 29 16 
II-54-29 0. 045 June 13 July 9 26 
Mex ·16 0. 047 June 13 July 9 26 
Lee 0. 071 June 13 July 9 26 
ND 406 0 . 074 June 13 July 9 26 
ND 373 0 . 075 June lJ July 9 26 
Acme 0 . 075 June 13 July 9 26 
Leeds 0 . 079 June 13 July 9 26 
Chris 0 . 088 June 13 July 9 26 
Wells 0. 096 June 13 July 9 26 
Sheridan 0 . 102 June 13 July 9 26 
58-163 0.106 June 13 July 9 26 
ND 321 0 . 116 June 13 July 9 26 
Mex 14 0 . 117 June 13 July 9 26 
Justin 0 . 135 June 13 July 9 26 
Ky J38 x Lee 0 . 139 June 13 July 9 26 
Hope 0. 142 June 13 July 9 26 
Preston 0. 146 June 13 July 9 26 
Kenya Farmer 0.1.53 June 13 July 9 26 
ND 445 0. 161 June 13 July 9 26 
Mex 1.5 0. 162 June 13 July 9 · 26 
Selkirk 0. 179 June 13 July 9 26 
ND 229-1 0. 182 June 13 July 9 26 
Redman 0. 194 June 13 July 9 26 
Marquis 0. 194 June 13 July 9 26 
Crim 0 . 199 June 13 July 9 26 
Ceres 0.215 June 13 July 9 26 
-
Table 11. Regression coefficients (b) of leaf rust on time 
for spring wheats p�anted in 1969 
Entry Regres sion coefficient (b) 
31 
Flag leaf Second leaf Third leaf Fourth leaf 
Chris 
Lee 


































0 . 1894 
0 . 1934 
0 . 1685 
0 . 2888 
_____ a 
0 . 1159 
0 . 2225 
0 . 2650 
0 . 2713 
0 . 2923 
0 .2558 
0 .274.5 
0 . 2776 
0 .3008 
0. 2.504 
0 . 2720 
0. 2525 
0. 2897 



















0 . 2914** 







0 . 2971** 
0. 2703* 
0 .2910**  
0 . 2771** 
0. 2938** 





0 . 1756 
0.1750 
0 .1918 
0 . 1707 
0 . 2315 
0 .1499 
0 . 1719 
0. 2239 
0 . 3304* 
0 . 2728 
0 . 2411* 
0 . 2129 
0.2135 
0. 2373 










* Significantly different from Chris at . 05 level 





0 . 1055 
0 .1127 
0 .1702 
0 . 0497 
0 . 0751 
0 . 0768 
0 . 0493 




0 . 1513 




0 . 1909 
0. 1538* 
0. 1240 




0 . 1757* 
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coefficients were different significantly from Chris. 
Regression coefficients of several entries were significantly 
higher than those for Chris for all leaves compared (Kenya Farmer, 
Selkirk, ND 229-1, and ND 445) .  These entries had/ little horizontal 
/ 
resistance. Lee, ND 373, ND 406 , Mex 16, and II-54-29 had low rates 
of leaf rust increase and were not significantly different from Chris 
on any leaf. These entries, along with Chris, had a high degree of 
horizontal resistance. 
To assess the uniformity of rust increase among leaves , regression 
coefficients (b) of the four leaves of each entry were compared using 
the analysis of covariance. Only two entries , Acme and ND 229-1, 
// 
showed significant differences between regression coefficients among 
leaves. In both cases regression coefficients determined on fourth 
leaves were low. 
Horizontal Resistance in the Greenhouse 
All entries grown under greenhouse conditions were susceptible 
to leaf rust. The isolation chambers provided adequate conditions 
for rust development, without adversely affecting plant growth. In 
all cases the plants produced normal heads, and reached maturity 
without visible ill effects.  
Leaf rust severities for the six entries in the greenhouse 
experiment are shown in Tables A . 9  to A. 11. Table 12 shows r values 
calculated for the six entries. Each leaf was scored separately as 
in the field experiments. Results were obtained from the upper three 
leaves only. The fourth le af data were discarded because most leaves 
were dead at the second sampling date. 
Table 12. Rate of le af rust increase (r) on spring wheats 
planted in the greenhouse 
Rate of increase �r2 
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Entry 
Flag leaf Second leaf Third leaf 
Ceres O .J88a 0 . 233b O.J22
c 
Chris 0 . 186 0. 150 0.109 
Hope 0. 317 0 . 247 0 . 211 
ND 406 0 . 113 0. 130 0. 132 
Preston 0 . 261 0. 236 0 , 209 
Thatcher 0. 275 0. 221 0 . 240 
a July 11 to August 2 (21 days) 
b July 11 to August 2 (21 days) 
c July 11 to July 25 (14 days) 
Analysis "of covariance was used to fit regression lines to 
transformed data from Table A.9 to A.11 to determine if statistical 
differences existed between regression coefficients (b) . Significant 
differences were found between  regression coefficients of entries on 
all three leaves. To test uniformity among leaves for each entry, 
regression coefficients of the three le aves of each entry were also 
compared using the analysis of covariance . Differences among leaves 
were detected on four of the six entries. Only ND 406 and_ Preston 
had similar slopes among the three leaves . 
No check or filler was defined in the greenhouse experiment, 
therefore, regression coefficients could not be compared in the same 
manner as in field experiments. Regression coefficients of the 
entries were ranked and adjacent entries compared with t tests 
(Table 13) . 
Table 13. Comparison of regression coefficients (b) for spring 
wheats planted in the greenhouse 
Flag leaf Second leaf Third leaf 
Entry b Entry b Entry b 
ND 406 0 . 1155 ND 406 0. 1266 Chris 0 . 1092 
Chri s 0. 1882* * Chris 0. 1458* ND 406 0. 1.319 
Preston 0. 2600** Thatcher 0. 2143** Preston 0. 2085* 
Thatcher 0 .2785 P·reston 0 . 2265 Hope 0. 2110 
Hope . 0. 3207 Hope 0. 2436 Thatcher 0 . 2397 
Cere s o • .  ,3374 Ceres 0. 2783* Cere s 0. 33.54* 
* Significantly different at . 05 level from preceding value on same 
leaf . 
** significantly different at . 01 level from preceding value on same 
leaf. 
The regression coefficients for Chris and ND 406 were significantly 
lower for all leaves than other entries, indicating they possessed a 
greater degree of horizontal resistance. Ceres had the highest 
regression coefficient for each leaf, thus the lowest amount of 
horizontal resistance of entries tested in the greenhouse. 
_j 
Comparison of Field and Greenhouse Experiments 
Comparison of r values obtained from field and greenhouse 
experiments shows several entries with consistently low r values, 
35 
some with consistently high values , and others' with variable values 
from year to year (Table 14). Rates of disease increase determined 
for Chris and ND 406 were consistently low in both field and green­
house. Lee and II-54-29 were not tested in the greenhouse, but r 
values obtained from the field in 1968 and 1969 were low for both 
years. Conversely, r values determined for Ceres, Selkirk, and Crim 
were the highest overall, even though Selkirk and Crim were not tested 
in the greenhouse. Rates of increase calculated for Acme and Preston 
ranged from high to low for different years in the field. 
To determine if statistical differences existed between results 
obtained from the field and the greenhouse, regression coefficients 
obtained from 1969 field and greenhouse experiments were compared 
using Student ' s t test (Table 15) . Over all leaves , regression 
coefficients did not differ significantly between field and green­
house. Occasional differences were detected on individual leaves, 
but only Hope showed significant differences in more than 1 of the 
J leaves compared. Two comparisons were not made because regression 
coefficients could not be calculated for flag leaves of Chris and 
ND 406. 
Table 14 .  Comparison of rates of leaf rust increase ( r) for 
selected spring whe.ats planted in the field and greenhousea 
Rate of increase (r) 
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a Notation : 
b Mis sing 
Rate of increase 










L = Low (r les s  than 0 . 200 ) 
M = Medium ( r = 0 . 200 - O . JOO)  










Table 15. Comparison of regression coefficients (b) of leaf 





















0 . 2225 
0 .3J74** 
a 
0 . 1882 
0 . 2923 
O . J207* 
a 
0 . 11.5.5 
0 . 2720 
0 . 278.5 
Regression coefficient 
Second leaf 
0 . 2878 
0 . 2783 
0 . 1455 
0 . 14.58 
0 . 2914 
0 . 2436* 
0 . 2175 




0 . 2143 
Third leaf 
0 .3304 
0 . 3354 
0 . 1636 
0 . 1092 
0.2411 
0 .2110 
0 . 1499 






* Significantly different at . 05 level from preceding value on same 
lttaf. 
** Significantly different at .01 level from preceding value on same 
leaf. 
a No regression coefficient calculated 
To obtain a general assessment of degrees of horizontal 
resistance among varieties, r values obtained from the field in 
1968 and 1969 and from the greenhouse were averaged over all leaves 
and ranked from lowest to highest (Table 16) . 
Table 16 . Average rate of leaf rust increase (r) for twenty­
eight spring wheat entries 
Entry r (average l Entry r (average) 
II-54-29 0. 100 Marquis 0.222 
ND 406 0 . 107 Thatcher 0.228 
Chris 0. 126 Preston 0. 230 
Mex 16 0.134 Leeds 0.231 
Lee 0. 146 ND 229-1 0. 231 
Mex 1.5 0. 1.52 Justin 0. 238 
Redm�n (\ , ,.,, V e .J.. { .J..  �TT"\ J , J , ,-, .I. J.) '-t'"t':J 0 . 245 
Wells 0. 177 ND 321 0.253 
Sheridan 0. 183 Hope 0 .2.54 
58-163 0 . 197 Red River 68 0 .268 
Acme 0 . 200 Crim 0 .276 
ND 373 0 . 204 Mex 14 0 . 277 
Ky 338 x Lee 0 . 213 Selkirk 0 .279 
Kenya Farmer 0 . 215 Ceres 0. 29.5 
a Average over all leaves of 1968 and 1969 field and greenhouse 
experiments-. 
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The lowest entries were II-54-29, ND 406, Chris, Mex 16, Lee, and 
Mex 15, while Ceres, Selkirk, Mex 14, Crim, Red River 68 and Hope had 
the highest average . 
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DISCUSSION 
Results of experiments in the field and greenhouse indicate that 
horizontal resistance to leaf rust does exist in spring wheat based 
on the significant differences found between regression coefficients 
(b) of entries tested. Several entries have shown consistently low 
or high rates of disease increase, while others have varied among 
leaves and years tested. Chris, II ,54-29, ND 406 , Mex 16 , and Lee 
had the most consistently low rates of leaf rust increase , and had 
the greatest degree of horizontal resistance of entries tested. 
To visually demonstrate the effects of high degrees of horizon­
tal resistance on wheat varieties during a season, two entries from 
the 1969 field planting were compared graphically . The two entries 
selected , II .54-29 and ND 229-1, had respectively the lowest and 
highest average rates of leaf rust increase for entries tested in 
1969 (Table 11) . 
Graphs of leaf rust severitie s (transformed) versus time for 
the flag and second leaves of II 54-29 and ND 229-1 are depicted in 
Figure 2. The greater amount of horizontal resistance in II 54-29 
is indicated by the lower rate of disease increase (lower slope of 
lines) . Lower leaf rust severities at the beginning of the season 
. and at maturity were also due in part to the greater vertical 
resistance which reduced initial infection (x ) .  
. 0 
Different rates of leaf rust increase were noted between leaves 
of entries. These differences were found to be significant in only 
















70 80 90 
Days after 60 70 80 90 
planting 
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Figure 2. Leaf rust increase on two spring wheats in the field, 1969. 
entries showed significant differences between leaves. Differences 
42 
in rates of disease . increase were probably associated with differences 
in the dates of sampling for various leaves. Lower leaves were not 
sampled near the end of the season because they were dead, and upper 
leaves were not developed early enough to be sampled with the lower 
leaves. Changes in environmental conditions during the season would 
not affect all leaves equally, and could result in differences in rate 
of disease increase between lower and upper leaves. 
The dats show that r values calculated for fourth leaves of 
entries tend to differ from values calculated for the other three 
leaves. In some instances, extreme variability was introduced by 
readings from the fourth leaves. Use of the fourth leaves detracted 
rather than added information. In years when initial rust infection 
occurs after the second and flag leaves have emerged, readings on 
the fourth leaf do not add information because they are becoming 
senescent. In cases of early leaf rust infection, sampling of the 
fourth leaf is desirable to provide an overall picture of the season, 
especially if environmental conditions affecting the pathogen change 
during the season. The choice of leaves to be sampled implies using 
several leaves to compare varieties for rate of disease increase. 
Each leaf can be used alone to compare varieties, so long as the 
rate of disease increase is determined over the same time span for 
all entries. The relative difference among leaves should be equal 
for all varieties. 
-
The r values calculated for leaves of entries were generally 
consistent througho�t, although a few notable variations occurred . 
4J 
The r values calculated for Acme in 1968 field tests varied from a 
high of 0. 386 (flag leaf) to a low of 0 . 108 (second leaf) . Lee varied 
little between leave-s in 1968 , but r values calculated for leaves in 
1969 varied from a high of 0. 277 (flag leaf) to a low of 0 .071 ( fourth 
leaf) . ND 373 varied little among leaves for 1968 and had lower r 
values overall for 1968 than for 1969 , where greater variation between 
leaves occurred . 
The spec;fic r values chosen for categorization of entries in 
Table 14 were based on the range found in field experiments. Values 
of r were in the s ame general :range f or b oth field eJ<..-periments , and 
use of the specific r values did separate entries into suitable groups. 
None of the average r values calculated for 1969 entries (Table 16 )  
was in the "high" range , however, indicating that the upper (high) 
range for r values should be revised downward for future categoriza­
tion. 
Van der Plank (1963) (29)  cites lesion size as one of the 
mechanisms by which horizontal resistance is manifested in late 
blight of potato. In the rusts also, pustule size may be responsible 
for horizontal resistance if such resistance is considered an attri­
bute of a variety that lowers the rate of rust increase. It is well 
known however, that pustule size in the rusts varies according to 
race (10,26), and hence it is not consistent with the concept that 
horizontal resistance is equally effective_ against all ·races. Since 
- . . �· . .. 
·- -- ' _- . . -1· , 
many advantages of horizontal resistance are inherently associated 
with stability over _ all races , horizontal resistance based on pustule 
size should be avoided if possible. In this connection, it is 
recognized that stable horizontal resistance due to small pustule 
size may exist. However, in the rather extensive literature on 
variety reactions to various races, no evidence for this has been 
found. 
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A vertically susceptible variety with large pustules, still having 
a low rate of disease increase, would show true horizontal resistance. 
Thus a variety such as Chris , which develops small pustules and is 
rated low in rate of leaf rust development, may be less horizontally 
resistant than Lee, which also has a low rate of leaf rust develop­
ment, but yet has large pustules . 
Environmental conditions such as temperature, number and length 
of dew periods in a season, and light intensity will affect the rate 
of disease inqrease and some conditions affect the expression of 
vertical resistance in the plant. Rust severities will also affect 
the calculated rate of disease increase. As pustule density increases 
on a wheat leaf, available tissue for further rust development 
decreases. Size and number of lesions will diminish, as will the 
number of spores produced in each pustule. Extremely low rust 
severities affect the calculated rate of disease increase. Small 
variations of only a few pustules can affect the calculations a 
great degree. Rust severities from approximately 2 or J percent 
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(20 to JO pustules) to 25 percent (250 pustules) would give the most· 
precise measurement . of the actual rate of incre·ase. 
Rust readings should be taken on actively growing leaves , because 
rust development decreases as a leaf matures and dies. To avoid 
erroneous conclusions in variety comparisons, severity readings should 
be taken on actively growing leaves of relatively the same age. 
Horizontal resistance, as stated before, is compatible with 
vertical resistance , and a combination of both in a variety would be 
ideal. Horizontal resistance in a vertically resistant variety would 
prevent build-up of rare or new races to which the variety was sus­
ceptible. 
Objective development of horizontally resistant varieties through 
breeding programs is extremely difficult at this time. A major 
problem is detecting horizontal resistance in a population. In this 
paper 28 varieties have been examined. In a breeding program literally 
thousands of lines must be screened in a relatively short period of 
time . The labor problem involved in determining horizontal resistance 
using these methods makes the proposition completely impractical . 
Additional problems exist. If varieties do not rust at all, horizon­
tal resistance cannot be assessed . Most advanced selections in 
breedi�g nurseries possess a high degree of vertical resistance to 
prevalent rust races and may develop no rust at all. Changes in the 
basic approach to breeding for rust resistance would be necessary 
to develop varieties with both vertical and horizontal resistance . 
46 
It is probable that horizontal resistance must be developed first, 
and vertical resistance bred into a line at a later stage of develop­
ment . 
The problem of interference also must be considered. High con­
centrations of inoculm produced on adjacent varieties tend to mask 
horizontal resistance. Buffer rows or strips between breeding lines 
would be needed to reduce this effect, although it may be possible to 
reduce such interference by early.assessment, before inoculum con­
centrations become excessive. 
It can be seen from the above discussion that many of the prob­
lems of using horizontal resistance could be overcome by finding or 
developing "markers" for horizontal re sistance that would permit 
rapid detection and a�oid some of the other problems involved in its 
use. 
SUMMARY 
Horizontal resistance to leaf rust was found to exist in spring 
wheat as determined by lower rates of increase under field and green­
house conditions. 
47 
Chris, Lee , II 54-29 , and ND 406 were found to have a consistently 
higher degree of horizontal resistance than others tested. 
With few exceptions, the rate of leaf rust increase over all 
leaves for arry entry remained uniform over all experiments . 
Differences in the rate of leaf rust . increase were noted among 
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APPENDIX 
Table A . l .  Leaf rust on flag leaves of spring wheats planted · 
in 1968 
Entry June 13 
(62)8 
Acme o. o 
Aniversario o . o  
Arnautka o. o 
Bowie o. o 
Ce:res o . o  
Chris o. o 
Crim o. o 
Hope o. o 
Justin o . o  
Justin Sel M4-l o. o 
Kenya Farmer o . o  
Kota o . o 
Kubanka o . o 
Ky 338 x Lee . ___ d 
Lee o . o  
Leeds o. o 
Lucero o. o 
Marquis . o . o  
Mentana o . o  
Mindum o. o 
Polk o . o  
Preston o . o  
Progress o . o  
Red Bobs o. o 
Redman o . o  
Red River 68 o.o 
Reward 0. 2 
Selkirk o . o  
Sheridan o. o 
Spinkcota o. o 
Stewart o . o  
Thatcher o. o 
Transfer o. o 
Valley o. o 
Sampling Date 
June 27 July 13 
(76) (92) 
pustules/leaf 
o. o l . lb 
0. 3 32.9 
2 • .5 92. 0 
o. o 10. 0  
0 . 1  22.4 
o . o  0 . 1  
0. 2 83 .5 
0 • .5 19 .. 5 
o. o 3 . 1  
o. o 10.0 
0 . 3 228.0 
0 . 3  50. 3 
o . o  3 . 8  
o . o  94 . 3  
o . o  0 . 1 
3. 5 265 . 0  
o . o  8.3 
o . o  68 .0 
o . o  65. 2 
o . o  .50.6 
o. o 35. 7 
o . o  3.9 
1 .4 32 . 8  
0 . 7  141. 8 
o . o  4 .6 
o . o  0.1 
7 .9 364 .1  
1 . 1  262.2 
o. o 0 .9 
0.1 4 .4 
0.9 72 . 8 
O . 5  14 .9 
0. 1 o .4 





502 . 8  
28. 1  
400 .0 









0 . 2  
d 
250 . 0  
460 .4 









875 . 0  
7 .2 
67.4 
549 . 6  
103.3 
3 . 8 
146. 6  
Table A. l. Continued 
Entry June 13 
(62) 
Wells o . o  
ND 373 o. o 
Wisc 270 o . o  
Wisc 271 o . o  
ND 229-1 0 . 3  
ND 321 o . o  
ND 363 o . o  
ND 404 o . o 
ND 406 o . o  
ND 44.5 o . o  
LM 77-14-77 o . o  
St 464 o . o  
K-48-44 o . o  
II-54-29 o . o  
3890-227 o. o 
II-.50-17 x Pilot o . o  
58-163 
I 
o . o  
Mex 9 o . o  
Mex 12 o. o 
Mex 14 0 . 1 
Mex 15 o . o  
Mex 16 o . o  
Mex 20 o . o  
Mex 21 o. o 
Mex 23 o . o  
Mex 34 o. o 
aDays after planting 




June 27 July 13 
(76 ) ( 92 ) 
pustule s/leaf 
o . o  0 . 1  
1 . .5 27. 5 
0. 1 0 . 7 
o . o  0 . 1  
7 . 6  325 . 7  
0 . 1  4 . 3 
1 . .5 59 . 7 
0. 3 30 . 6  
o . o  1 . 7  
o . o  o. 4 
0 . 3  .5 . 5 
0. 5 4 . 5  
1 . 9 85 . 0  
0 . 9  11. 1  
0 . 4  16. 2  
o . 6  19 .1  
o . o 1 . 8  
o. o o . 6  
0 . 5 5. O 
6. 6 403 .0  
3 .4 19. 4 
o . o 1. 5 
0 . 1  9 . 0 
0 . 3  17 . 3  
0.5 12 . 7  




0 . 9  
146 . 6  
.5 . 0  
3 . 1  
8.52 . 0  
.57 . 6  
388 . 0  
367 . 4  
4 . 5  
5 . 4  
31 . 4  
17 .5 
513 . 0 
53 . 6 
126. 1 
141. 0  
22 . 0  
J .4 
21 . 3  
d 
55 . 5 
6 . 6  
14 . 1  
17 . 9  
80 . 0  
36 . 0  
Table A . 2. Leaf rust on second leaves of spring wheats 
planted in 1968 
Entry June 13 
(62) a 
Acme o . o  
Aniversario o . o  
Arnautka o. o 
Bowie o. o 
Ceres o. o 
Chris o. o 
Crim o. o 
Hope o. o 
Justin o . o  
Justin Sel M4-l o . o  
Kenya Farmer 0.1 
Kota o . o  
Kubanka o. o 
Ky 338 x Lee 
Lee o. o 
Leeds o. o 
Lucero o. o 
Marquis o. o 
Mentana o. o 
Mindum o . o  
Polk o. o 
Preston o. o 
Progress o. o 
Red Bobs o. o 
Redman o. o 
Red River 68 o. o 
Reward o. o 
Selkirk o. o 
Sheridan o . o  
Spinkcota o. o 
Stewart o . o  
Thatcher o. o 
Transfer o. o 




June 27 .,July 13 
(76) (92) 
pustules/leaf 
O . Jb 1 .7 
2.7 244.o  
3. 8 120.7 
o . o  31.0 
o.4 68. 8 
o. o 0.1 
4.7 623. 5 
4. 2 246. Jd 0 . 8  ---
o . o 16. 5 
1.3 d 
2.5 52 . 5  
0.7 36.4 
o. o 127. 5 
o. o 0 .5 
4. 2 d 
o. 3 49 .3 
l. O d 
2.9 364. o  
0 . 2  96. 5  
o. o d 
0 .3 10.7  
7 . 5 98.0 
3.1 223.0 
2. 8 27.3 
o. o 0.7 
14 . 8  498.7 
1. 1 121.3 
o. o 3.4 
2.9 142.5  
5.2  306.9 








































Table A. 2. Continued 
Entry June lJ 
(62) 
Wells o . o  
ND 373 o. o 
Wisc 270 o . o  
Wisc 271 o. o 
ND 229-1 1.4 
ND 321 o. o 
ND 363 o . o  
ND 404 o. o 
ND 406 o. o 
ND 445 o. o 
LM 77-14-77 o. o 
ST 464 o . o 
K-48-44 o. o 
II-54-29 o. o 
3890-227 o.o 
II-.50-17 x Pilot o. o 
.58-163 o. o 
Mex 9 o . o  
Mex 12 o. o 
Mex 14 o. o 
Mex 1.5 l . J 
Mex 16 o . o  
Mex 20 o. o 
Mex 21 o . o  
Mex 23 o . o  
Mex J4 o . o 
aDays after planting 




June 27 July 13 
(76 ) (92 ) 
pustules/leaf 
o. o 1.4 
1 .9 32.5 
0. 3 .5. 0 
o. o 0 .3 
43 .3 706 . 8  
1. 2 82 .4  
2 . 2 83. 2 
1. 1 109 .0 
o. o 3. 8 
0 . 8  .5.5 . 4  
1.4 24.3 
1.6 1.5. 1  
2. J 104 .3 
1. 2 16. 2 
1 . 8  ,58. 2  
1.3 39. 2 
0. 2 11 . 1  
o.4 6 .6 
1. 2 11. 7 
1.0 98 .6 
6.6 3.5. 8 
o. o 2 .4 
0 . 1 9 • .5 
0 .9 48 . 2  
4 . 7  98.6 






























Table A. 3 .  Leaf rust on third leaves of spring wheats 
planted in 1968 
Entry June 13 
(62) a 
- Acme o . o  
Aniversario o. o 
Arnautka o . o  
Bowie o . o 
Ceres 0. 1 
Chris o . o  
Crim 0 .7 
Hope o . o  
Justin o . o 
Justin Sel M4-l o. o 
Keeya Farmer 0 .3  
Kota o . o  
Kubanka o. o
d Ky 338 x Lee ---
Lee o. o 
Leeds o . o  
Lucero ; o. o 
Marquis 0. 2 
Mentana o. o 
Mindum o. o 
Polk o. o 
Preston 
. 1  0.3 Progress i 0 . 2  Red Bobs 0 . 5 
Redman o . 6  
Red River 68 o. o 
Reward 1.0 
Selkirk 0. 1 
Sheridan o. o 
Spinkcota o. o 
Stewart o. o 
Thatcher 0 . 1  
Transfer o. o 
Valley 0. 1 
Wells o. o 
Sampling Date 
June 27 July 13 
(76) (92) 
pustules/leaf 
l. 3b 50.0 
7.7 471. 8 
0 .5 70. 3 
o . o 2.5.3 
19 • .5 793. 1 
o. o 1.0 
7. 1 69.5. 4 
7 . 6  324. 6  
1 . 3  d 
o. o d 
7.4 d 
3. 1 d 
1. 1 d 
o . o  1.50.0 
o. o 1 . 2  
6. 9 d 
1.0 112.0  
2. 9 d 
3. 2 480 • .5 
o . o  247.0 
0. 3 d 
7 . 5  192. 7 
12.5  164.5 
92 . 4 983.0 
3. 8 29.4 
o . o  3. 4 
39.0 259.4 
5.8 43.5. 4 
o . o  9. 3 
4. 8 196.8 
1.5.8 570.8 
14 . 1  274.4 
7 . 5 120 • .5 
6.3 171. 9 






































21. 2  
55 
Table A . J .  Continued 
Entry June 13 
( 62) 
ND 373 o . o  
Wisc 270 o . o  
Wisc 271 o . o  
ND 229-1 5.1 
ND 321 o . o  
ND 363 0.3 
ND 404 o . o  
ND 406 o . o  
ND 445 o . o  
LM 77-14-77 o . o  
ST 464 0.1 
K-48-4J+ o . o  
II-54-29 o . o  
3890-227 o . o  
II-50-17 x Pilot o . o  
58-163 o . o  
Mex 9 o . o  
Mex 12 o . o  
Mex 14 0.1 
Mex 15 2.5 
Mex 16 o . o  
Mex 20 o . o  
Mex 21 o . o  
Mex 23 o . o  
Mex 34 o . o  
aDays after planting 




June 27 J�_;1-y · 13 
(76 ) ..- (92) 
-pustules/leaf 
. 3 . 8 66.7  
o.4 4. 5  
o . o  1 . 9  
148 . 8 d 
2 .5 127. 8 
7 . 3 222. 0 
4. 3 320. 5 
o . o  6 . 5  
2. 6 / d 
2. 7 d 
0. 7 6 . 6  
2.2 99. 8 
1 . 0  d 
3. 0 d 
J . O  83 .2  
0 . 3 17. 0  
2. 0 27.9  
J .4 33.1 
6. 6 d 
11. 9 d 
o . o 2.9 
o .4  43. 0 
l. J 71. 4 
5. 6 11.5. 5 





























Table A .4 .  Leaf rust on fourth leaves of spring wheats 
planted in 1968 
Entry June 13 
( 62) a 
Acme o. o 
Aniversario 0.9° 
Arnautka o. o 
Bowie o. o 
Ceres 1. 7 
Chris o . o  
Crim o. 6 
Hope 0.8 
Justin o . o  
Justin Sel M4-l 0.2 
Kenya Farmer 0 • .5 
Kota 0.2 
Kubanka 0 . 3d Ky 338 x Lee 
Lee 0.2 
Leeds o. o 
Lucero o . o  
Marquis 0. 7 
Mentana o. 4 
Mindum 0.3 
Polk 0. 3 
Preston 0. 7 
Progress 0.2 
Red Bobs 2. 0 
Redman o. o 
Red River o . o  
Reward 1.0 
Selkirk o. o 
Sheridan o . o  
Spinkcota o. o 
Stewart o. o 
Thatcher o. 6 
Transfer o . o  
Valley 1. 7 
Wells o . o  
Sampling Date 
June 27 July 13 
(76 ) (92) 
d
b d 
.54 • .3 d 
d d 
o . o  d 
150 . 6  d 
o . o 1 .8  
10.0 780.0 
12 .2  498.6 
d d 




o. o d 
0. 1 1. 6 
d d 
o. o d 
d d 
73 • .3 d 
31.0 528.8 
d d 
14 • .3 328 .4 
2 . 1  30 • .5 
192 . 5  933 • .5 
4 .9  .57 .6  
o. o d 
38.9 2.57 .  8 
9.2  6.50 .0 
1. 1 24. 5  
8.2 d 
18.4 401 .0  
2.5 .4  d 
22. 5 280 . 5  
d d 








































Table A . 4 .  Continued 
Sam£lini; Date 
Entry June 13 June 27 July 13 July 23 
(62) (76) (92) (102) 
pustules/leaf 
ND 373 0.2 2 . 9  50 .4  d 
Wisc 270 o . o  1 . .5 29.4 d 
Wisc 271 o . o  o . o  2 . 2  d 
ND 229-1 d d d 
· ND 321 o . o  5.4 d d 
ND 363 1.7 d d d 
ND 404 0. 1 d d d 
ND 406 o . o  o . o  11.4 d 
ND 44.5 o . o  d d . d 
LM 77-14-77 o . o  3. 8 d d 
ST 464 0 . 2 l. 7  d d 
K-48-44 o . o  6 . 9  d d 
ll-.54-29 o . o  d d d 
3890-227 o . o  .5. 2 d d 
II-50-17 x Pilot o . o  7. 8 d d 
58-163 o . o  6.7  d d 
Mex 9 o . o  2 .5  d d 
Mex 12 o . o  3. 9 d d 
Mex 14 0 . 8  49 .4  d d 
Mex 1.5 3 • .5 16 . 0  d d 
Mex 16 0 .1 0 . 8 d d 
Mex 20 o . o  o . s  d d 
Mex 21 o . o  2.7 d d 
Mex 23 o . o  d d d 
Mex 34 o . o  6 . 8  d d 
aDays after planting 
b Dead 
C Average of 10 culms 
�ssini. 
59 
Table A . 5. Leaf rust severity on flag leaves of s pring 
wheats planted i� 1969 
,/ 
SamEling Da t� 
Entry June 4 June 13 June 29 July 9 July 22 
(36)
a (45) (61 ) (71) ( 84) 
pustules/leaf 
Acme b 0. 000 0. 375C 1 . 587 69. 298 -
Ceres 0 . 000 1. 240 18 .395 225. 000 
Crim 0 . 000 0. 225 9 . 612 239. 850 
. Ho pe 0 . 000 0. 133 11. 054 400. 000 
Justin 0 . 000 0. 032 1. 725 149. 330 
Lee 0 . 000 0. 000 0 .143 3 .490 
Leeds 0 . 000 0 . 330 6 .469 309. 440 
Kenya Farmer 0 . 000 0. 135 9. 936 230. 650 
Marquis 0. 000 0 . 320 9 . 780 308 . 530 
Preston 0. 000 0. 000 5. 791 394 . 792 
Redman 0 . 000 2. 271 19. 979 185. 000 
Red River 68 0 . 000 0. 000 0 . 204 2. 125 
Selkirk 0. 000 0 . 277 4. 980 184. 800 
Sheridan 0 . 000 0 . 042 o.4oo 2. 188 
Thatcher 0. 000 o.425 18 . 279 236.170 
Wells 0. 000 0 . 000 0 .128 3 . 063 
58-163 0 . 000 0 .180 3.120 11. 958 
II-54-29 0 . 000 0. 050 0. 225 1. 860 
Ky-J38 x Lee 0 . 000 0. 020 3. 898 96 .159 
Mex 14 0 . 000 0. 020 4. 581 336 . 735 
Mex 15 0 . 000 0 . 108 1 .458 15. 800 
Mex 16 0 . 000 o.44o 0. 574 10 . 130 
ND 229-1 0. 000 0. 660 12. 771 308. 330 
ND 321 0. 000 0 . 000 5 . 796 192. 760 
ND 373 0 . 000 0 . 000 0. 204 14. 270 
ND 406 0. 000 0. 000 0. 000 25. 870 
ND 445 0 . 000 0.111 2. 513 105. 290 
Check 0. 000 0 . 000 0 . 000 2. 537 
a Days after planting 
b
Mi ssing 
cAverage of 5 re plications 
Table A. 6. Leaf rust on second leaves of spring wheats 
planted in 1969 
Entry June 4 June 13 
( 36)
a (4.5)  
Acme 0 . 000 0. 000 
Ceres 0 . 000 0. 000 
Crim 0 . 000 0 . 000 
Ho pe 0 . 000 0 . 000 
· Justin 0 . 000 0 . 000 
Lee 0 . 000 0 . 000 
Leeds 0 . 000 0 . 000 
Kenya Farmer 0 . 000 0. 000 
Marquis 0. 000 0. 000 
Preston 0 . 000 0. 000 
Redman 0 . 000 0 . 000 
Red River 68 0 . 000 0 . 000 
Selkirk 0 . 000 0 . 000 
Sheridan 0 . 000 0 . 000 
Thatcher 0 . 000 0 . 000 
Wells 0. 000 0 . 000 
.58-163 0 . 000 0 . 000 
II-54-29 0 . 000 0. 000 
Ky 338 x Lee 0 . 000 0. 000 -
Mex 14 0 . 000 0. 000 
Mex 1.5 0 . 000 0. 000 
Mex 16 0 . 000 0.000 
ND 229-1 0 . 000 0. 000 
ND 321 0 . 000 0. 000 
ND 373 0 . 000 0. 000 
ND 406 0 . 000 0 . 000 
ND 44.5 0. 000 0 . 000 
Check 0. 000 0. 000 
aDays after planting 






.5 . 375 
1. 949 
l .467 
0 . 387 
0 . 125 






1 . 979 
0 . 229 
6 . 950 
0. 125 
o .44o 
0 . 128 
o .490 















5 . 500 
0 . 617 
13 . 431 
45. 120 
50 . 702 
17. 170 
1.51. 000 





5 . 8.54 








0 . 146 











. 423. 210 
3.59 . 680 




13 . 783 
385. 94 
5.220 
30 . 816 












Table A.7. Leaf rust on third leaves . of s pring wheats 
planted in 1969 . 
SamEling Date 
Entry June 4 June 13 June 29 July 9 
(36) a (45) (61) (71) 
pustules/leaf 
Acme 0.000 0. 000 2. 000b 7.907 
Ceres 0. 000 0. 060 15.816 237 . 270 
Crim 0 . 000 0. 102 3 . 868 123 . 020 
. Ho pe 0 . 000 0. 083 3. 133 44. 306 
Justin 0 . 000 0 . 060 1 . 919 15.325 
Lee 0 . 000 0.000 0. 200 0.979 
Leeds' o-. 000 0.100 1.333 29. 209 
Kenya Farmer 0 . 000 0. 140 5 .857 104 . 5lO 
Marquis 0. 000 0.040 7 . 674 105.230 
Preston 0. 000 0 . 320 6 . 625 49. 531 
Redman 0. 000 o . 469 17 . 733 273. 750 
Red River 68 0 . 000 0 . 000 0 .085 1.833 
Selkirk 0 .000 o .04o 5.087 26 . 304 
Sheridan 0 . 000 0. 000 0 . 260 1 . 894 
Thatcher 0 . 000 0. 100 18 . 200 249. 170 
Wells 0 . 000 0.000 0 . 396 1. 068 
58-163 : 0 . 000 0 . 000 1 . 820 10.540 
II-54-29 0 . 000 0. 000 0 . 282 0 . 783 
Ky 338 x Lee 0 . 000 0 .041 1. 531 1. 814 
Mex 14 0 . 000 0 . 280 4. 310 28. 080 
Mex 15 0 . 000 0 . 040 1 . 158 5 . 609 
Mex 16 ! 0 . 000 0. 020 0 . 500 1. 488 
ND 229-1 l 0. 000 0. 120 7.833 119. 1+70 
ND 321 , .  0. 000 0.000 1. 320 24.400 
ND 373 0. 000 0. 000 0 . 033 2. 563 
ND 406 0. 000 0 . 000 0.163 o.457 
ND 445 0.000 0 . 051 3. 526 48. 795 
Check 0. 000 0 . 000 0. 220 o .644 
a Days after planting 

































Table A.8 . Leaf rust on fourth leaves of spring wheats 
planted - in 1969 
/ 
Sam:2ling Date · / 
Entry June 4 June 13 June 29 July 9 July 22 
(36) a (45) (61) (71) (84) 
pustules/leaf 
Acme 0.000 1. 083b 3.522 9.300 de 
Ceres 0.000 2. 500 19.759 405.000 d 
Crim 0. 000 0 . 813 7 . 875d 194. 300 d Hope 0. 000 0 . 500 27. 714 d 
Justin 0 . 000 0 . 551 4.520 28. 611 d 
Lee 0. 000 0 . 184 1. 031 1 .389 d 
Leeds 0. 000 0 . 660 3. 842 94.286 d 
Kenya Farmer 0.000 1 . 152 12: 176 85.000 d 
Marquis 0. 000 0.633 12.452 139 . 000 d 
Preston 0.000 1 . 979 8 . 950 112.520 d 
Redman 0. 000 1 . 279 19 .400 250 . 000 d 
Red River 68 0. 000 0 . 000 0. 147 22 • .500 d 
Selkirk 0.000 o .458 4. 769 45. 000 d 
Sheridan 0. 000 0 . 122 0. 190 2. 227 d 
Thatcher 0.000 0 . 125 26.143 d 
Wells 0. 000 0 . 150 0. 750 2. 367 d 
.58-163 . 0 . 000 0. 837 2.957 16 • .526 d 
II--.54-29 0.000 0 . 340 0.793 3 . 571 d 
Ky 338 x Lee 0.000 o . 479 6.656 25.200 d 
Mex 14 0 . 000 1 . 100 4.250 29. 844 d 
Mex 15 0. 000 o . 489 2.700 48 . 250 d 
Mex 16 0 . 000 0 . 367 0. 619 1 .400 d 
ND 229-1 0. 000 1. 298 21. 364 190 . 000 d 
ND 321 0. 000 0 . 360 3.359 40. 000 d 
ND 373 0. 000 0 . 160 0. 174 1 .364 d 
ND 406 0.000 0 . 240 0.387 2. 000 d 
ND 445 0.000 0 .500 6.750 47.500 d 
Check 0.000 0 . 040 0.270 0. 500 d 
a Days after planting 
b Average of 5 replications 
cMissing 
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2 � 71 
7. 71 
b Average of 6 replications 
(61 ) (68) (75 ) 
pustules/leaf 
2. 67 38 .98 237.04 
0 . 26 1.14 3 . 47 
81 . 33 510 . 73 858.00 
3.10 7 .98 14. 73 
12. 00 63 . 57 397 . 73 
51.26 326 .19 712. 50 













1 . 62b 
0 .12 
5 . 53 
1 . 38 
7 . 67 
11 .95 
b Average of 6 replications 
SaIBEling Date 
July 18 July 25 August 1 
(61 )  (68 ) ( 75 )  
pustules/leaf 
13. 00 63. 00 385.71 
0. 38 0 . 83 2. 79 
36.23 140 . 00 500. 00 
3.21 6.19 14.73 
30.98 76.67 525 . 00 
59 . 67 258 . 00 534.62 












0 . 21 
4. 32 
2 . 71 
12. 95 
11. 9.5 
aDays after planting 





July 18 · July 2.5 · 
(61 )  (68 ) 
22 . 00 176 . 57 
o .45 0 . 97 
19 . 94 76 . 67 
7 . 26 17 .18 
52. 00 196 . 0.5 
.59 . 67 2.58 . 00 
August 1 
(7.5) 
de 
d 
d 
d 
d 
d 
64 
